Background: Accumulating evidence indicates increased cardiovascular risk associated with nonsteroidal antiinflammatory drug (NSAID) use, in particular in patients with established cardiovascular disease. We studied the risk of death and hospitalization because of acute myocardial infarction and heart failure (HF) associated with use of NSAIDs in an unselected cohort of patients with HF.
debate has been ongoing about increased cardiovascular risk of nonsteroidal anti-inflammatory drugs (NSAIDs), in particular, the selective cyoclooxygenase-2 (COX-2) inhibitors. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Clinical guidelines discourage use of NSAIDs in patients with chronic heart failure (HF) owing to increased risk of fluid retention and worsening of HF. 12, 13 Recent recommendations from the American Heart Association 14 are to avoid administration of selective COX-2 inhibitors in patients with established or increased risk of cardiovascular disease and to consider alternative pain medications before using NSAIDs in this population. Patients receiving NSAIDs are often elderly, frequently have other concurrent medical illnesses, and often have multiple cardiovascular risk factors or established cardiovascular disease. Furthermore, many NSAIDs are sold over the counter (OTC) in pharmacies and convenience stores without expert advice about their use and potential drug interactions or adverse effects, which might give the misconception that NSAIDs are harmless.
The widespread use of NSAIDs and the perception of low risk associated with such OTC drugs prompted us to study an unselected cohort of 107 092 patients surviving a first hospitalization because of HF, with particular focus on risk of death and hospitalization as a result of the use of NSAIDs.
The Danish Data Protection Agency approved this study (No. 2003 (No. -54-1269 . No ethical approval is required for retrospective registry studies in Denmark.
DRUG TREATMENT
The Danish Registry of Medicinal Product Statistics, a national prescription registry, comprises all prescriptions dispensed from Danish pharmacies since 1995, which are directly and automatically linked to reimbursement of medication expenses, ensuring complete registration. Coding is according to the Anatomical Therapeutical Chemical (ATC) Classification System. The national prescription registry does not include information about prescribed daily dosage of medications. Therefore, by calculating mean dosages from up to 3 consecutive prescriptions, the daily dosage was estimated for each new prescription claim. In cases in which only 1 prescription was available, the mean dosage was the minimum predefined dos- age for each drug. This method allowed for dosages to be changed at dispensing of a new prescription. The method has been described in detail previously. 15, 16 From the national prescription registry, all claimed prescriptions of NSAIDs (ATC code M01A) by the study cohort were identified. The most frequently used selective COX-2 inhibitors, rofecoxib (M01AH02) and celecoxib (M01AH01), and nonselective NSAIDs, ibuprofen (M01AE01) and diclofenac (M01AB05), were analyzed separately because they represented most of the selective COX-2 inhibitors and nonselective NSAIDs used. In addition, the nonselective NSAID naproxen (M01AE02) was analyzed separately to gain further knowledge about the cardiovascular risk associated with this NSAID. Rofecoxib, celecoxib, ibuprofen, diclofenac, and naproxen were classified as low or high dosages in the analyses. The upper limit of low dosage was defined as the lower recommended daily dose for the individual NSAIDs, that is, 25 mg for rofecoxib, 200 mg for celecoxib, 1200 mg for ibuprofen, 100 mg for diclofenac, and 500 mg for naproxen. Other NSAIDs, not including glucosamine (M01AX05), were categorized as 1 group in the analyses, without dosage specification. We defined concomitant treatment status with the following cardiovascular drugs: angiotensinconverting enzyme inhibitors and angiotensin-2 receptor blockers (ATC C09 ACEi/ARBs), ␤-blockers (ATC C07), and spironolactone (ATC C03D) as prescriptions claimed within 90 days after discharge, and statins (ATC C10AA) claimed within 180 days after discharge.
To quantify the severity of HF or severity of accompanying renal failure, patients were classified into 4 groups according to the mean daily dose of loop diuretics (ATC C03C) used within the first 90 days after discharge (furosemide equivalent dosage: furosemide, 40 mg=bumetanide, 1 mg): group 1, 0 to 39 mg; group 2, 40 to 80 mg; group 3, 81 to 160 mg; and group 4, more than 160 mg. 15, 17 Pharmacologically treated diabetes was identified from prescriptions of glucose-lowering medication (ATC A10) from 90 days before admission to 90 days after discharge.
COMORBIDITY
The Charlson Comorbidity Index, modified for the International Classification of Diseases, Tenth Revision, was used to define comorbidity ( Table 1) . 18, 19 The Charlson Comorbidity index was estimated at discharge and further enhanced by including diagnoses up to 1 year before the index hospitalization.
STATISTICAL ANALYSIS
Time to death, and hospitalization because of myocardial infarction (MI) or HF were estimated using Cox proportional hazards regression models, including exposure to drug of interest as time-dependent covariates in the models (ie, patients were only considered at risk when they were taking the drug). The models allowed patients to switch from 1 specific NSAID to another specific NSAID, thereby changing exposure status. The models also permitted concomitant use of different NSAIDs; however, combinations were not analyzed specifically. The Cox proportional hazards regression models were adjusted for age, sex, calendar year, duration of exposure, concomitant medical treatment, and comorbidity. The proportional hazard assumption is invalid in time-dependent proportional hazard models; however, the linearity of continuous variables and lack of interaction were tested and found valid unless otherwise indicated.
As a sensitivity analysis, we performed risk-stratified analysis by ranking the patients into tertiles according to an estimated propensity score for death within 1 year after discharge. The propensity score was estimated using logistic regression analysis conditional on baseline covariates. Furthermore, to ensure the robustness of our findings, the analyses were repeated using casecrossover models. 20 The case-crossover analysis includes only patients experiencing an event; however, rather than using matched control subjects, the case serves as its own control, thereby reducing the effect of unmeasured confounders. The case period was defined as 0 to 30 days before the event (death or hospitalization because of MI or HF), and control periods as 60 to 90 days and 90 to 120 days before the event.
Mortality was calculated as deaths per 1000 person-years exposed. The number needed to harm was estimated for each drug from the unadjusted mortality as number needed to harm per 1000 person-years exposed. All statistical calculations were performed using commercially available software (SAS version 9.1; SAS Institute, Inc, Cary, North Carolina).
RESULTS
A total of 107 092 patients with HF were identified and included in the study. Of these, 36 354 patients (33.9%) received at least 1 prescription of either a selective COX-2 inhibitor or a nonselective NSAID. Baseline characteristics are given in Table 1 . Table 2 lists the duration of treatment with individual drugs and median doses. The median duration of treatment of individual NSAIDs varied between 42 and 97 days ( Table 2) .
MORTALITY
A total of 60 974 (56.9%) patients died during the study. Mortality, absolute risk increase, and number needed to harm related to each exposure group are listed in Table 2 .
There was an increased risk of death associated with treatment with most NSAIDs. The increase in risk was highest for rofecoxib, celecoxib, and diclofenac. This was confirmed in multivariate Cox proportional hazards regression analysis ( Table 3 and Figure 1) , with a clear dosedependent increase in risk. Low doses of ibuprofen and naproxen were not associated with increased mortality risk, although high doses of both of these drugs were associated with an increased risk of death.
HOSPITALIZATION BECAUSE OF MI
Hospitalization because of MI occurred in 8970 patients (8.4% ). An increased risk of MI was associated with treatment with both selective COX-2 inhibitors and nonselective NSAIDs (Table 3 and Figure 2 ), and hazard ratios were similar for all types of NSAIDs. A dose- dependent increase in risk of MI was evident with rofecoxib and diclofenac.
HOSPITALIZATION BECAUSE OF HF
A total of 39 984 patients (37.5%) were hospitalized because of HF. All of the drugs were associated with an increased risk of hospitalization because of HF (Table 3 and Figure 3 ). Rofecoxib was associated with the highest risk and demonstrated a dose-dependent increase in risk.
CASE-CROSSOVER ANALYSIS
Repeating the analysis using case-crossover models generated similar results ( Table 4) as with Cox proportional hazards regression analysis. Figure 4 shows the hazard ratios for death within 1 year after discharge across tertiles of risk of death as defined by baseline variables. The C statistic was 0.72, indicating good discriminatory power of the models to differentiate strata of risk. The increased risk associated with NSAID therapy was present at all strata.
SENSITIVITY ANALYSES
No important interactions were noted between the different exposure groups and subgroups of patients. In particular, we analyzed subgroups of patients receiving prophylactic evidence-based pharmacotherapy (angiotensin-converting enzyme inhibitors, ␤-blockers, spironolactone, and statins) and found no indication for effect modification in risk associated with use of these drugs. Also, we found no interaction in risk between patients who did or did not have previous acute MI. COMMENT We found increased mortality and increased risk of hospitalization because of MI or HF related to NSAID use in an unselected cohort of patients discharged alive after their first hospitalization because of HF. The risk was increased for all of the selective COX-2 inhibitors and diclofenac, and for ibuprofen and naproxen in high dosages. A causative relationship was indicated by a dosedependent increase in risk. The extensive absolute increase in risk of 11.1% for rofecoxib, 7% for celecoxib, and 9% for diclofenac, and the low number needed to harm are worrisome, in particular because 34% of patients with HF received a prescription for an NSAID. Apparently awareness is low among physicians concerning international clinical recommendations that discourage use of NSAIDs in patients with HF.
Most of the current knowledge of the cardiovascular risk with use of NSAID therapy is based on post hoc analyzes and analysis of subgroups of patients from studies designed to examine noncardiovascular diseases 1, 5, 6, 21, 22 ; however, to our knowledge, with the exception of 1 study, 7 no clinical trials have primarily been designed to address the cardiovascular risk with use of NSAIDs. Focus has primarily been on the COX-2 inhibitors, whereas the cardiovascular risk with use of nonselective NSAIDs is estimated primarily from observational studies and meta-analyses. 3, 4, [8] [9] [10] [11] 23 In the future, the discrepancy in results of randomized trials and observational studies may be resolved by the Prospective Randomized Evaluation of Celecoxib Integrated Safety vs Ibuprofen or Naproxen (PRECISION) Trial, which currently is recruiting patients. 24 The biological effects of NSAIDs have been discussed in detail previously. 25 In brief, NSAIDs inhibit cyclooxygenase, which by 2 separate pathways promotes the synthesis of thromboxanes (COX-1) and prostaglandins (COX-2) from arachidonic acid. It has been proposed that excessive cardiovascular risk with use of NSAIDs is due primarily to an imbalance in inhibition of these path-ways. The various NSAIDs have different abilities for inhibition of COX-1 and COX-2, and the more COX-2selective NSAIDs seem to have a more cardiotoxic effect. Furthermore, there seems to be marked interindividual variability in the response to selective COX-2 inhibition, which might interfere with the susceptibility to cardiovascular risk, 26 which also is more pronounced in patients with established cardiovascular disease. 7, 10, [27] [28] [29] Focus has primarily been on the increased thromboembolic risk, although other properties of NSAIDs could influence the risk in patients with HF. NSAIDs influence renal function and the regulation of fluid balance, causing fluid retention and worsening of HF, in addition to promoting increased risk of hypertension and destabilization of blood pressure. 30 Animal models have demonstrated that COX-2 inhibition can induce structural changes in the myocardium 31 and enhance left ventricular remodeling, impair systolic function, and increase mortality after MI. 32 Regulation of fluid balance and blood pressure is of particular importance in chronic HF; thus, NSAIDs might tip the balance and worsen HF, and in the worst-case scenario, lead to a fatal outcome. A causative relationship between NSAID use and cardiovascular risk in patients with established HF is, therefore, highly plausible.
Agreement is general regarding increased cardiovascular risk with the selective COX-2 inhibitor rofecoxib, whereas the risk with celecoxib has been debated.* We have previously found increased risk with celecoxib in a cohort of patients after MI, 10 and Brophy et al 27 demonstrated that celecoxib was harmful only in patients who had had an MI. 27 Hudson et al 28, 36 found that celecoxib *References 3, 6, 9-11, 21, 23, 27, 28, 33-35. increased the risk of hospitalization because of HF similarly to conventional NSAIDs. 28, 36 In 2 meta-analyses, McGettigan and Henry 11 and Kearney et al 23 did not find increased cardiovascular risk with celecoxib therapy. Hence, it seems that celecoxib may be particularly harmful in patients with established cardiovascular disease. Among the conventional nonselective NSAIDs, the cardiovascular risk with naproxen has been much debated, and some reports have suggested that naproxen was cardioprotective because of its similar ability as aspirin to inhibit COX-1. [37] [38] [39] In the present study, naproxen at high dosages was associated with increased mortality and increased risk of hospitalization because of MI and HF. This is in accordance with several other reports, 4, 9, 34 whereas others have not been able to demonstrate increased risk with use of naproxen. 11, 23 However, considering the present results along with the existing evidence, physicians must exert caution in using naproxen in patients with HF, as with other NSAIDs. It is intriguing that the NSAID associated with the highest risk was diclofenac, whose COX-2 selectivity is similar to that of celecoxib. 25 Increased cardiovascular risk with diclofenac has been demonstrated previously, 10, 11, 23 and the present study extends this finding to patients with HF. Particularly worrisome is that diclofenac is a widely used NSAID, and in many countries it is dispensed OTC, which might be misinterpreted to indicate that diclofenac is a harmless drug. Another common NSAID with OTC status is ibuprofen, which we found harmful in high dosages. Ibuprofen can interact with aspirin by competitively inhibiting COX-1 in the thrombocytes. The inhibition by ibuprofen is reversible, whereas aspirin irreversibly inhibits COX-1; hence, ibuprofen can diminish the cardioprotection of aspirin if taken simultaneusly. [40] [41] [42] Previous study results have reported an increased risk of hospitalization because of HF associated with NSAID treatment. 28, 29, 35, 36 The present study demonstrates increased mortality and individual differences in risk between the various NSAIDs and dosages. Most patients used NSAIDs for a short time, shortest for the COX-2 inhibitors and diclofenac, which indicates relatively acute cardiotoxic effects of these drugs and is in accord with other reports. 10, 43 We found no indication for effect modification by use of evidencebased pharmacotherapy at baseline for the risk exerted by NSAID treatment. Thus, NSAIDs should be avoided in all patients with HF, regardless of baseline pharmacotherapy.
STUDY STRENGTHS AND LIMITATIONS
The main strength of this study is that it includes complete data from an entire nation (Denmark), thus avoiding selection bias by including only subgroups of patients or patients from selected hospitals, medical centers, or health care systems. In Denmark, a government-financed health care system ensures equal access to health care for all inhabitants free. Drug expenses are partially reimbursed, and pharmacies are required to register all dispensed prescriptions in the nationwide prescription registry, ensuring complete registration. Use of OTC NSAID drugs is negligible; ibuprofen is the only NSAID with OTC status in Denmark, and only in low doses (200 mg) and in limited quan-tity at each dispensing. Hence, patients needing longterm treatment or higher dosages would have an incentive to get a prescription from their physician because only prescribed drugs are covered by the reimbursement policy. Ibuprofen achieved OTC status in October 2001, and in a sensitivity analysis including data only to January 1, 2001, we achieved similar results (data not shown). Thus, OTC use of ibuprofen is unlikely to have major, if any, effects on the present results.
The main limitation of the present study is its observational design. The discharge coding diagnosis of HF has been validated in the Danish National Patient Registry and, in accord with other studies, found to have high specificity but low sensitivity. 44, 45 Thus, the discharge coding diagnosis of HF is suitable to correctly identify patients with HF but not for investigating the prevalence or incidence of HF in a population. Another important limitation is the lack of detailed information about important prognostic factors such as left ventricular ejec- tion fraction, New York Heart Association classification, smoking, and lipid levels. Although appropriate adjustments were made for comorbidity, the effect of unmeasured confounders can never be fully excluded. In addition, the indication for starting NSAID therapy for each patient is lacking. Thus, the disease or the paineliciting condition being treated with an NSAID could indicate a status with increased risk for the patient being treated. However, considering current recommendations that discourage NSAIDs in HF, a channeling bias toward less use of NSAIDs in patients at high risk could be expected because physicians could be more reluctant to use NSAIDs in patients with more severe HF. Comparing baseline characteristics among exposure groups (Table 1) , this might be the case because there were fewer patients in severity group 4 using NSAIDs compared with severity groups 1 and 2. The propensity-based riskstratified analysis yielded similar hazard ratios across all risk groups (Figure 4) , with a dose-dependent response (data not shown), and the case-crossover models generated similar results. Thus, confounding by indication alone does not explain the increased risk of NSAID use in this cohort. Furthermore, the difference in risk across different NSAIDS and a dose-dependent increase in risk further supports a causative relationship.
CONCLUSIONS
Treatment with NSAIDs, both selective COX-2 inhibitors and nonselective NSAIDs, in patients with chronic HF is associated with increased mortality and cardiovascular morbidity, with a dose-dependent response. Therefore, patients with HF should, if possible, avoid using any NSAIDs at any dosage for most NSAIDS and at high dosages for ibuprofen and naproxen. Treatment in patients with pain conditions relieved by these drugs should be based on a medically competent evaluation of the benefits vs risks of treatment. Patients who depend on using these drugs should preferably use the NSAIDs that are more COX-1 selective, in as low dosages and for as short a period as possible. Further research is required to establish the cardiovascular risk associated with all NSAIDs in subgroups of patients with cardiovascular disease, particularly if a low dosage with analgesic effect can be used without increased risk. In the meantime, because of the accumulating evidence, general awareness is required among physicians, health care authorities, and the general public about the potential cardiovascular risk of NSAIDs, in particular in patients with established cardiovascular disease or at increased cardiovascular risk.
